In recent years, albumin nanoparticles have been widely studied for delivery of various active pharmaceuticals with enhanced accumulation at the site of inflammation. Albumin is a versatile carrier to prepare nanoparticles and nanospheres due to its easy availability in pure form, biodegradability non-toxic and non-immunogenic nature. The mechanism of action of Serratiopeptidase appears to be hydrolysis of histamine, bradykinin and serotonin. Serratiopeptidase also has a proteolytic and fibrinolytic effect. Protein i.e. bovine serum albumin was used to entrap serratiopeptidase enzyme. Protease activity of the enzyme was checked and method was validated to access the active enzyme concentration during formulation. Solvent desolvation method was used for the preparation of BSA nanoparticles. Effect of buffer pH was checked on the enzyme activity. Chloroform was selected and used as solvent for nanoparticle preparation. Effect of various variables such as concentration of BSA, agitation rate, glutarldehyde concentration, time of crosslinking etc. on the formulation was studied. Formed nanoparticles were characterized for drug content, in-vitro release, entrapment efficiency, particle size and size distribution. The formed serratiopeptidase loaded albumin nanoparticles may be used for the treatment of arthritis.
INTRODUCTION
There are many problems associated with drugs such as poor solubility, toxicity, instability, incompatibility and poor penetration (Patel and Agarwal, 2011) . These problems give emphasis on the need of development of delivery system to deliver the drug efficiently. Various delivery systems such as nanoparticles, nanospheres have emerged as promising approaches for hydrophilic as well as hydrophobic drugs. Nanoparticles for drug delivery can be formulated using synthetic or semisynthetic polymers (Mohanraj and Chen, 2006) , containing drug adsorbed onto the surface or embedded within the matrix (Jahanshahi et al., 2008) . These systems offers better site specific targeting, protection from degradation of drug, controlled drug release along with excellence in many other . .
. aspects (Biju et al., 2006 ., Gangwar et al., 2012 . Albumin is protein carrier, used for nanoparticle preparation due to its easy availability in pure form, biodegradability, non-toxicity and nonimmunogenicity (Kratz et al., 1997) . Albumin nanoparticles are easy to prepare in different sizes. Various reactive groups (thiol, amino, and carboxylic groups) present on albumin can be used for attachment of drug molecules and targeting moieties (Jahanshahi et al., 2008) . Required amount of drug can be incorporated into the particle matrix because of the presence of different binding sites (Vyas and Khar, 2002) . Serratiopeptidase is bacterial enzyme which has been reported for various pharmacological activities, more importantly, reduction of inflammation and improvement of microcirculation. Hence, it is used for the treatment of pain and inflammation associated conditions such as arthritis. Serratiopeptidase is mainly formulated as enteric coated tablet to protect gastric degradation of drug and thus, provides improved bioavailability. The enzyme delivery has been targeted by entrapping in various polymers such as Eudragit, phospholipids, alginate, chitosan etc. for various sites. BSA had been reported to . be accumulated at the inflammatory sites in the arthritis (Wunder et al., 2003) . This generated idea to entrap the drug, serratiopeptidase in the BSA nanoparticles in order to enhance the bioavailability and more importantly, target the enzyme at arthritic joints.Albumin Nanoparticles can be prepared by various techniques such as desolvation (Sailaja et al., 2012) , emulsification (Eslamian and Shekarriz, 2009) , Nano spray drying (Lee et al., 2011) , Nab-technology (Cortes and Saura., 2010) etc. In the present study, desolvation technique was used.
MATERIALS AND METHODS

Material
The various chemicals used in the present study such as BSA, acetone, casein, calcium acetate, Calcium Citrate Tetrahydrate, Disodium Hydrogen Phosphate, Potassium Dihydrogen Phosphate, Ethanol, FolinandCiocalteu's Phenol Reagent, Glutaraldehyde, Glacial Acetic Acid, L-Tyrosine, Trichloroacetic Acid etc. were purchased from LOBA Chemicals Mumbai, INDIA.
Methods
Physiochemical characterization and identification of Serratiopeptidase Physical Appearance Test
The procured sample of Serratiopeptidase was observed for organoleptic properties such as colour, odour and appearance.
Fourier Transform Infrared Spectroscopy of drug
The FTIR spectrum of Serratiopeptidase was obtained using Shimadzu model FTIR 8400S spectrophotometer. Finely grounded drug sample was mixed with potassium bromide (KBr) and mixture was pressed under high pressure to form pellet.
Estimation of protein content
Lowry Method was used for estimation of total protein content of supplied serratiopeptidase. Various concentrations (5-45 µg/ml) of enzyme were taken and reacted with Folin-ciocalteau solution. After incubation, absorbance was recorded at 600 nm using UV Spectrophotometer (Shimadzu Ltd, USA).
Enzyme Activity Assay
To estimate the enzyme activity of serratiopeptidase, standard assay method was used in which the casein hydrolysing activity of serratiopeptidase is determined by measuring amount of tyrosine liberated in the reaction. The liberated L-tyrosine was reacted with Folin-Ciolcaltea's Phenol Reagent and intensity of colour produced was measured by UV spectrophotometer at 660 nm. A standard curve of L-tyrosine was prepared to estimate the amount of L-tyrosine liberated in the reaction. To estimate the enzyme activity, 5ml of 0.65% casein solution was equilibrated in a water bath at 37°C for 5 minutes and then the enzyme solution was added. The reaction was quenched by adding 5 ml of the TCA reagent, the reaction content was filtered using 0.45 µm polyethersulfone syringe filters to remove any particulate matter in the mixture. To the filtrates, 5 ml of sodium carbonate solution was added and then 1 ml of Folin's reagent was added immediately afterwards. The intensity of colour produced was measured using spectrophotometer and amount of tyrosine liberated was determined by standard curve.
Effect of pH on enzyme activity
The buffer pH has pronounced effect on the preparation of albumin nanoparticles. A suitable buffer for the preparation of albumin nanoparticles containing serratiopeptidase, was selected by testing effect of buffer pH on serratiopeptidase activity. Different buffers (5 ml each) were prepared with different pH i.e. 4, 5, 6, 7, 8, 9 , 10, 11 and serratiopeptidase (10 mg) was dissolved in each buffer. After incubation for 1h, enzyme activity assay was performed and activity was calculated as described above.
Selection of solvent for preparation of albumin nanoparticles
For the selection of a suitable solvent for preparation of albumin nanoparticles, different organic solvents such as acetone, chloroform and ethanol etc. were tried for the precipitation of albumin from aqueous solution. The solvents were separately added drop wise in the albumin solutions, till the slight turbidity developed. The solvent which produced slight turbidity without settling on storage for overnight was selected for further studies.
Preparation of Albumin Nanoparticles
Desolvation method was used for the preparation of Albumin nanoparticles (Jahanshahi et al., 2008) . Bovine serum albumin (15 mg) and serratiopeptidase (10 mg) were accurately weighed and dissolved in selected buffer and kept on magnetic stirrer at 400 rpm. Then acetone was added at different time intervals until solution became turbid. 8% glutaraldehyde (50 µl) was added for cross-linking.
Effect of BSA concentration on particle size
15, 20 and 30 mg/ml solutions of BSA were prepared and serratiopeptidase (10 mg) was incorporated into it. Nanoparticles were prepared as described above using acetone as antisolvent and glutardehyde as cross linking agent. Particle size was determined using Zetasizer (Malvern   TM   ) .
Effect of glutaraldehyde concentration on entrapment
Different concentrations of glutaraldehyde i.e. 50, 100, 150, 200 µl of 8% solution were tried for the cross linking of albumin nanoparticles, prepared by desolvation method. Entrapment efficiency of the particles was analysed.
Design of Experiment
Formulation optimization was carried out by using response surface methodology central composite, quadratic design. Twenty formulations were prepared according to the design (Table  1 ). Entrapment efficiency and particle size were the parameters used for formulation optimization. 
Characterization of the prepared Albumin nanoparticles
Particle size and size distribution Particle size and size distribution was determined by using a zetasizer (Malvern Zetasizer TM ). The PDI was observed to determine width of particle size distribution. Zeta potential of the formulation was also determined which indicates the stability of formed nanoparticles.
Entrapment efficiency
For determination of entrapment efficiency, prepared albumin nanoparticles were centrifuged at 15000 rpm. To the supernatant casein and TCA was added and absorbance was taken at 660 nm. Percentage drug entrapment = Amount of entrapped drug Total amount of drug × 100
Amount of entrapped drug= Amount of total drug-Amount of unentrapped drug
Transmission Electron Microscopy (TEM)
The morphology of the albumin nanoparticles was examined by transmission electron microscopy (TEM). A drop of nanoparticle solution was placed onto a carbon-coated copper grid for few minutes and excess solution was removed by filter paper. A drop of 1% phosphotungstic acid solution was stratified for staining; excess was removed by a tip of filter paper and kept for air dry. The grid was observed by transmission electron microscopy and by using imaging viewer software. The images were analyzed and captured.
In-vitro release study
Pellet formed after centrifugation at 15000 rpm, was suspended in 900 ml of pH 6.8 phosphate buffer at 37 o C and 90 rpm. After 0, 15, 30, 45, 60, 75, 90, 105, 120, 135, 150, 165, 180, 210, 240, 270 , 300, 330, 360 minutes, 5 ml of sample was collected and replaced with fresh media. To this sample, 4.5 ml casein solution was added and allowed to stand for 20 minutes at room temperature. Then trichloroacetic acid was added to break the reaction. Absorbance was measured at 280 nm and % drug release was calculated.
RESULTS AND DISCUSSION
Identification and characterization of Serratiopeptidase
The Serratiopeptidase was identified and characterized by physical appearance and FTIR spectroscopy. The organoleptic properties matched with other reported literature. The recorded FTIR spectrum of procured enzyme has been shown as Fig. 1a . The obtained spectrum was matched with the reported FTIR spectra of serratiopeptidase, which confirmed that the procured enzyme was pure as similar peaks had been reported in publications. Also, spectra were recorded for BSA and prepared formulation ( Fig. 1b and 1c) . There was no significant change in the peaks were observed after entrapping the serratiopeptidase in BSA, which indicated no physical and chemical incompatibility between Serratiopeptidase and BSA. 
Enzyme Activity Assay
Assay was performed by protease activity as described in methodology section and amount of tyrosine liberated was calculated using a standard plot of tyrosine (Fig 2) . Enzyme activity of various enzyme concentrations was determined as described in methodology and presented in Table 2 . A linear relationship was observed between concentration of enzyme and enzyme activity. This proved the reliability and accuracy of the enzyme activity assay method for determination of enzyme concentrations during formulation development. 
Effect of pH on enzyme activity
The effect of pH was checked on serratiopeptidaseenzyme activity, as described in methodology section. The activity increased with increase of pH and reached to maximum in the range of 8-9 and decreased thereafter ( fig. 3) . Hence, buffer of pH 8 was selected for further studies. 
Selection of solvent for preparation of albumin nanoparticles
Albumin nanoparticles were prepared by desolvation method using different solvents like acetone, chloroform and ethanol. With alcohol very less particle formation was observed whereas chloroform caused aggregation of BSA and hence, macro size particles formed. Nanoparticles prepared with acetone were of nano size and stable, hence, selected for further studies.
Effect of BSA concentration
Albumin nanoparticles were prepared using different concentrations (15, 20 and 30 mg/ml) of BSA and the particle size was checked using a zetasizer. It was observed that with increase in BSA concentration particle size also increases. The size distribution curves are shown in fig. 4a , 4b and 4c. Results had revealed that all formulations were in nano size range. Particle size was found to be minimum in formulation having BSA 15 mg/ml.
BSA concentration less than 15 mg/ml resulted in less entrapment efficiency, hence 15 mg/ml concentration was selected. Low value of PDI (0.3-0.4)observed in zetasizer spectra revealed that narrow variation is present between size ranges of prepared nanoparticles.
Optimization of albumin nanoparticles by central composite design
The design of optimization contained three independent variables (X1, X2, and X3) and two dependent variables (Y1 and Y2). The X variables were BSA (mg), Acetone (ml), Glutaraldehyde (µl), whereas, the Y variables were percentage entrapment efficiency and particle size. According to the design, 15 formulations were suggested (Table 3) . Each of them were formulated and analyzed for two different responses. The results were analyzed by using polynomial modelling approach using design expert software. Various statistical parameters, ANOVA were applied. Particle size distribution and PDI was determined using Malvern Zetasizer TM . Results had revealed that all formulations were in nano size range. The formulation 4 and 6 showed good entrapment efficiency along with minimum particle size. Due to lower particle size, formulation 6 was selected as optimum for preparation of serratiopeptidase loaded albumin nanoparticles.Zeta potential of optimized formulation was found to be -27.1 mV, signifying stability of nanoparticles with respect to surface charge.
Transmission Electron Microscopy (TEM)
The prepared serratiopeptidase loaded albumin nanoparticles were also observed by TEM. At low magnification the particles were viewed as partially aggregated (Fig. 5a ), but pictures at higher magnification showed no aggregation (5b). The particles were of nano size having diameter less than 200 nm. 
Selection of optimized formulation
Based on the results of studies carried out to select suitable polymer, solvents and preparation method, different formulations were prepared. The formulations varied in terms of amount of BSA, acetone and glutaraldehyde. A central composite design was employed to obtain 20 different factor combinations and replicates where two independent variables were studied at three levels.
Statistical analysis
The formulations prepared according to the design were analyzed by using Design Expert ® ver. 9.0.2 software package.
The effect of formulation variables on the response variables were statistically evaluated by one way ANOVA at 0.05 levels.
The fitting of terms in the polynomial equation indicated that the model was significant and would navigate effectively through the design space. Final polynomial equations for each response variable in terms of actual factors are given below: EE = -135.53682 + 3.94700 *BSA +21.85552 *Acetone + 4.57972 *Glut -0.13825 *BSA *Acetone + 0.035550 *BSA *Glut -0.016500 *Acetone *Glut -0. Response surface graphs, interaction plots and perturbation plots for entrapment efficiency and particle size as per CCD were obtained from Design Expert ® software. Analysis of variance for entrapment efficiency and particle size has been given in Table 4 and 5, respectively. These table show that model is significant.The counter plots for the entrapment efficiency and particle size have been shown in Figure 6 and 7, respectively. Validation of Optimized results 3-D plots for entrapment efficiency and particle size as shown in Fig. 8 and 9 respectively, represents the optimized range of the components which can provide the best possible entrapment efficiency and particle size in combination. The plots help to define the relationship between the components by observing the response surface. The optimized formulation offered percentage entrapment efficiency of 85 % and particle size of 194.4 nm. The 3-D plots along clearly defined the optimal range of the albumin nanoparticles. The repeatability and robustness of the preparation and evaluation of responses were carried out. It was ensured that on the basis of Design Expert ® software and statistical parameters, the optimized formulation was the best formulation as compared to other formulations which were suggested by the software.
In-vitro release study
In vitro release profile of optimized formulation and pure drug solution has been summarized in table 5.5. Percentage cumulative amount of albumin nanoparticles was found to be 79.3 and percentage cumulative amount of pure drug was found to be 92.3. Percentage cumulative release plot of pure drug and albumin nanoparticles has been shown in Fig. 10 . This indicated that the prepared formulation can be used as sustain release dosage form. 
CONCLUSION
The serratiopeptidase loaded albumin nanoparticles were prepared and optimized on the basis of entrapment efficiency, particle size and in vitro drug release profile. Optimized albumin nanoparticle formulation was studied for morphology by TEM. The zeta size analysis was carried which presented the vesicle size average range of 194.4 nm. The drug entrapment efficiency of the albumin nanoparticles was analyzed. Entrapment efficiency of optimized formulation was found to be 85 % and percentage drug release was found to be 79.3 %. The optimized albumin nanoparticles may be a promising formulation to treat rheumatoid arthritis.
